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Field of the Invention 

This invention relates to modulating levels of enzymes and/or en?:yme 
S components capable of altering the production of long chain polyunsaturated fatty 

acid6 (PUFAS) in a host plant. The invention is cjiempiificd by the production of 
PUFAS in plants. 

Background 

Three main families of polyunsaturated faity acids (PUFAs) arc ihc 3 fatty 
10 acids, exemplified by arachidonic acid, the 0)9 fatty acids exemplified by Mead 

acid, and the o)6 fatty acids, exemplified by eicosapenuenoic acid. PUFAs arc 
imponani components of the plasma membrane of the cell, where they may be 
found in such forms as phospholipids. PUFAs also serve as pn:cursors to other 
molecules of importance in human beings and animals, including the prostacyclins, 
IS ieukotrienes and pro.sia^landins* PUFAs are necessary for proper development, 

particularly in the developing infant brain, and for tissue formation and rupair. 

Four major long chain PUFAs of importance include docosahexaenoic acid 
(DMA) and eicosapeniaenoic acid (EPA), which are primarily found in diffcrenc 
types of fu^h oil, ganima-linolenic acid (GLA). which is found in the seeds of a 

20 number of plants, including evening prinuose (Oenothera biennis), borage (Bora^o 

ojftcifmlis) and black currants (Rihes nigrum)^ and siearidonic acid (SDA), which is 
found in marine oils and plant seeds. Both GLA and another important long chain 
PUFA. arachidonic acid (ARA), are found in filamentous fungi. ARA can be 
purified from animal tis.^ucs including liver and adrenal glund. Mead acid 

25 accumulates in essential fatty acid deficient animals. 

For DHA. a number of sources exist for commercial production including a 
variety of marine organibims, oils obtained from cold wuicr marine fish, and egg 
yolk fractions. For ARA. microorganisms including the genera Monierella, 
Enioniophihoru. Phytium and Forphyridium can be used for commercial 
30 production. Commercial sources of SDA include the genera Trichodexmu and 
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Echium. Commercial sources of GLA include evening primrose, black cuRunCs 
and borage. However, ihcrc are several disadvantages as&ociaicd wiih commercial 
production of PUFAai from naiural sources. Natural source:; of PUFAs. such as 
animals and plants, tend lo have highly heterogeneous oil compositions. The oils 

5 obtained from these sources iher^forc can require extensive purification lo separate 

out one or more desired PUFA.n or to produce an oil which is enriched in one or 
more PUFA. Natural sources also are subject to unconUollable fluctuations in 
availability. Fish stocks may undergo natural variation or may be depleted by 
overfishing. Fish oils hiive unpleasant tastes and odors, which may he impossible to 

10 economically separate from the desired product, and can render such products 

unacceptable aii food supplements. Animal oils, and particularly fish oils, can 
accumulate environmental pnllutanis. Weather and disease can cause fluctuation in 
yields from both fish and plant sources. CropKind available for production of 
alternate oil-producing crops is subject lo competition from the steady expansion of 

15 human populations and the associated increased need for fotxl production on the 

remaining arable land. Crops which do produce PUFAs, such as borage, have not 
been adapted to commercial growth and may not perform well in monoculture. 
Growth of such crops is thus not economically competitive where more profitable 
and bcner established crops can be grown. Large scale fermentation of organisms 

20 such a:; Morti^rella is also expensive. Natural animal tissues contain low amounts 

of ARA and are difficult id process. Microorganisms such as PorpHyridium and 
Mortierella are ditlicuk to cultivate on a commercial scale. 

Dietary supplements and pharmaceutical formulations containing PUFAs 
can rtuin the disadvantages of the PUFA source. Supplements such as fish oil 

25 capsules Ciin conuin low levels of the particular desired component and thu.s 

require large dosages. High dosages result in ingestion of high levels of undesired 
components, including comammants. Care must be taken in providing fatty acid 
supplements, as overaddition may result in suppression of endogenous biosynthetic 
pathways and lead i4> competition with other necessary fatty acids in various lipid 

30 fractions in viva, leading to undesirable results. For example. Eskimos having a 

diet high in 0)3 fatty acids have an increased tendency to bleed (U.S. Pat. No. 
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4.874,603). Ui^plcasani castes and odors of (he supplements can make such 
regimens undesirable, and may inhibit compliance by the patient. 

A number of enzymes are involved in PUFA biosynthesis. Linoleic acid 
(LA. 18:2 A9. 12) is produced from oleic acid (18:1 A9) by a 1 2-desamrase. GLA 
5 (18:3 A6. 9, 12) is produced from linoleic acid (LA, 18:2 A9. 12) by a A6- 

desaturase. ARA (20:4 A5. 8. 1 L 14) production from DGLA (20:3 A8, 1 1. 14) is 
catalyzed by a A5-desaturase. However, animals cannot desaturate beyond the A9 
position and therefore cannot convert oleic acid (18:1 A9) into linoleic acid (18:2 
A9. i2)« Likewise, u-linolenic acid (ALA, 18:3 A9. 12, 15) cannot be synthesized 
10 by mammals. Other eukaryotes, including fungi and plants, have enzymes which 

dcsaturate at positions A2 1 and A15. The major poiy-unsaiuratcd fatty acids of 

animals therefore arc cither derived from diet and/or from desaiuration and 

] 

elongation of linoleic acid (18:2 A9, 12) or ac-Iinolenic acid (18:3 A9, 12, IS). 

Poly*unsaturaiu(i fatty acids arc considered co be useful fur nutritional, 
IS phantiaceutical, industrial, and ocher purposes. An expansive supply of poly- 

unsaturated fatty acids from natural sources and from chemical synthesis are not 
sufficienr for commercial needs. Therefore it is of interest to obtain genetic 
material involved in PUFA biosyntheisis from species that naturally produce ihe.^ 
fatty acids and co express the isolated material alone or in combination in a 
20 heterologous system which can be manipulated to allow production of conunercial 

quantities of PUFAS. 



SUMMARY OF THE INVENTION 
Novel compositions and methods are provided for preparation of poly- 
unsaturated long chain fatly acids and desaturases in plants and plant cells. The 
25 methods involve growing a host plant cell of interest transformed with an 

expression cassette functional in a host plant cell, the expression cassene 
comprising a transcriptional and translational initiation regulatory region, joined in 
reading frame 5' to a DNA sequence encoding a desaturase polypeptide capable of 
modulating ihc production of PUFAs. Expression of the desaiurasc polypeptide 
30 provides for an alteration in the PliFA profile of host plant cells as a result of 
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u]ien:d concentrations of enzymes involved in PUFA biosynthesis. Of particular 
interest the .<;elective control of PUFA production in plant tissues and/or plant 
pans such 'ds leaves, roots, fruits and seeds. The invention finds use for example in 
the large scale production of DHA. Mead Acid EPA, ARA» Steuridonic acid and 
5 GLA and for modificaiion of the futiy acid profile of edible plant tissues and/or 

plant part^i. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure t shows possible pathways for the synthesi^i of Mead acid (20:3 A5, 
8, 1 1 )» arachidonic acid (20:4 AS. 8, 11 , 1 4) and stearidonic acid (1 8;4 A6. 9, 1 2. 
10 15) from palmitic acid (Ci6) from a variety of organisms, including algae. 

Mortierella and humans. These PUFAs can serve as precursors to other molecules 
importani for humans and other animals, including prostacyclins, Icukoiricnes. and 
prostaglandins, some of which are shown. 

Figure 2 shows possible pathways for production of PUFAs in addition to 
15 ARA, including taxoleic acid and pinolcnic. again compiled from a variety of 

organisms. 

« 

BRIEF DESCRIPTION OF THE SEQUENCE LISTINGS 
SEQ ID NO: 1 .shows DNA sequence iVom a Schizochytrium clone wiih 
homology to both A 12 and A IS desaiura-se^. 

20 SEQ ID NO 2 shows peptide sequence from a Schizochytrium clone with 

homology to both. A 12 and A15 desaturascs. 

DESCRIPTION OP THE PREFERRED EMBQJ 
In order to ensure a complete understanding of the invention, the following 

definitions are provided: 

25 A5-Desaturase: AS desalurase is an enzyme which introduces a double 

bond between carbons 5 and 6 fiom the carboxyl end of a fatty acid molecule. 

A6-Desaturaser A6-desaturase is an enzyme which introduces a double 
bond between carbons 6 and 7 from the carboxyl end of a fatty acid molecule. 

-5- 



wo 99/64616 



PCT/US99/13332 



A9-DesBtum.se: A9-desacurase is an enzyme which introduces a double 
bond between carbons 9 and 10 from the carboxyl end of a tally acid molecule. 

A12-Dcsaturase: A 12-desaturasc is an enzyme which introduces a double 
bond between carbons 12 and 13 from the carboxyl end of a fatty acid molecule. 

Futty Acids: Fatty auids are a clas.«v of compounds conuining a long 
hydrocarbon chain and a icmiinal carboxylaie group. Faiiy acids include the 
foUowiiig: 



Fatty Add 


11*0 


Uuric acid | 


.16:0 


Palmiuc acid 




16:] 


PaltnUclctc acid 




18:0 


sicnric icid j 




18:1 




oleic iH:id 


1 B: 1 


18:2 


T^ixolcii: acid 




18:2 


6.9-ociAiiccadienoic acid 


Jk6.9-IX:2 


IH:2 


Linotctc acid 


A9. 1 2-1 8:2 (LA> 


18:3^6.9.12 


Ciamma-linolcnic Mcid 


^6.9.12-18:3 (GLA> 


18:3 A5.9,12 


Piiioknic acid 


65.9.12-18:3 


18:3 


»lpha-linolcnic acid 


A9.l2.l5-lft:3 lALA) 


18:4 


Steartoonic ucid 


A6.9.12J5-IH:*(SDA^ 


20:0 


Arachidic acid 




20:1 


Eicosccnic Acid 




20:2 1 1 




A8. II 


20:3 65. 8. 1 1 


t Mead Acid 


65. 8. 1 1 


22.*0 


Behchic acid 




"STi 


crucic acid 




22:2 


Docaudicnuic acid 


> 


20:4 ai6 


^rachidonic acid 


A5.8.n. 14-20.4 (ARA) 


20:3 (j6 


t (i)6-civOSiilrieiioic 
dihomu'jsamma linolcnic 


68. 1 1,14.20:3 (IXjLA) 


20:5 u3 


Eutosapentanoic 
(Tinmodonic acid) 


A5.S. 11.14.17-20:5 (EPA) 


20:3 w3 


u>3'«icosaU'ienotc 


6nj6.l7.20-3 


20:4 u3 


cO-^icoiaictraenoic 


68.1 1.14,17-20:4 


22:5 o3 


t>ocQsiapciuaenoic 


A7, 1 0. 1 3. 1 6, 1 9- 22:5 (ca3DPA) 
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Fatty Acid 


22:6 0)3 


Doco&ahexaenoic 
(c«rvvN^ii: acid) 


A4,7.I0.13.I6.19.22:A (DHA) 


24:0 


Ltgnixcric m:id 





Taking into acxuunt these definitions, the present invention is directed to 
novel DN A sequences, DNA construcu, methods and compositions are provided 
which permit modificaiion of the polyunsaturated long chain fatty acid content of 

S plant cells. Plant cells are nransformcd with an expression cassette comprising a 

DNA encoding a polypeptide capable of increasing the amount of one or more 
PUFA in a plant cell. Desirably, integration consuructs may be prepared which 
provide for integration of the e^tpression cussette into the genome of a hostt cell. 
Host cells are manipulated to express a sense or antisense DNA encoding a . 
10 polypcptide(s) that ha.s dcsaturase activity. By "desatura;^'* is intended a 

polypeptide which can dcsaturaic one or more fany acids to produce a mono* or 
poly-unsanirated fatty acid or precursor thereof of interest. By ^'polypeptide** is 
meant any chain of amino acids, regardless of length or post-iranslaiional 
modiflcalion. for example, glycosylation or phosphorylation. The substrBtc(s) for 

IS the expressed enzyme may be produced by the host cell or may be cxogenously 

supplied. \ 

To achieve expression in a hose cell, the trani^fomKd DNA is opcrably 
associated with transcriptional and translational initiation and termination 
regulatory rcgion$ thai are functional in the host cell. Constructs comprising the 

20 gene to be expressed can provide for integration into Che genome of the host cell or 

can autonomously replicate in the host cell. For production of linoleic acid (LA). 
-Che expression cassettes generally used include a cassette which provides for A 12 
desanirase activity, paritculariy in a host cell which produces or can take up oleic 
acid. For production of ALA. the expression cassettes generally used inciude a 

2S cassette which provides for Al S or (i>3 desaturase activity, particularly in a host cell 

which produces or can take up LA. For production of GLA or SDA, the expression 
cassettes generally used include a cassette which provides for A6 desaturase 
activity, particularly in a ho<^\ cell which produces or can take up LA or ALA, 

-7- 
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respeciively. Production of a>6*type unsacumted fatty acids, such as LA or GLA, is 
favored in a plant capable of producing ALA by inhibiting che acfivity of a A15 or 
0)3 type desaiurase; this is accomplished by providing an expnession cas$K$tte for an 
antisense Ckl5 or c)3 iranscripc, or by disrupting a Ai5 or u>3 desamrase gene. 
5 Similarly, production of LA or ALA is favored in a plant having A6 desaturase 

activity by providing an cxpre.N.Mon cassette for an antiscnse A6 transcript, or by 
disrupting a A6 desaturase gene. Production of oleic acid likewise is favored in a 
plant having Al 2 desaturase activity by providing an expression cassene for an 
antisense A 12 transcript, or by disrupting a Al 2 desaturase gene. For production of 

10 ARA, the expression cassette generally used provides for A5 desaturase aciivity, 

particularly in a host cell which produces or can take up DGLA. Production of <o6- 
type unsaturated faiiy icids. such as ARA. is favored in a plant capable of 
producing ALA by inhibiting the activity of a A15 or (d3 type desaturase; this is 
accomplished by providing an expression cassette for an antiscnse A 15 or u)3 

1 S transcript, or by disrupting a A 1 5 or co3 desaturase gene. 

TRANSGENIC PLANT PRODUCTION OF FATTY ACDDS 
Transgenic plant production of PUFAs offers several advantages over 
purification from natural sources such as fish or plants. Production of fatty acids 
from rcconr^binani plants provides ilie ability to alter the naturally occurring plant 

20 fatty acid profile by providing new synthetic pathways in the host or by suppressing 

undesired pathways. Uwreby increasing levels of desired PUFAs, or conjugated 
forms thereof, and decreasing levels of undesired PUFAs. Production of fatly acids 
in transgenic plants also offers the advantage that expression of desaturase genes in 
particular tissues and/or plant parts means that greatly increased levels of desired 

25 PUFAs in those tissues and/or parts can be achieved, nuiking recovery from those 

tissues more economical. For example, the desired PUFAs can be expres.scd in 
seed; methods of isolating seed oils arc well established. In addition to providing a 
source for purification of desired PUFAs. seed oil components can be manipulated 
through expression of desaturase genes, either alone or in combination with other 

30 genes such a.^ elongases, to provide seed oils having a panicular PUFA profile in 

concentrated form. The ctmcenirated seed oils then can be added to animal milks 
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and/or syntheiic or scmi-symheiic milks to serve as infant formulas where human 
nursing is impossible or undcsired. or in cases of malnourishmenl or disease in boih 
adults and infants. 

For prtxiuction of PUFAs. depending upon the host cell, the availability of 
5 substrate, and the desired end product(s). several polypeptides, panicularly 
desaiurases. are of iniBtcst including those polypeptides which catalyze the 
conversion of stearic acid to oleic ac.d. LA to GLA. of ALA to SDA. of oleic acid 
to LA. or of LA to ALA. v^hich includes enzymes which desatunUc at the A6, A9. 
A12. Al5 or 0)3 positions. Considerations for choosing a specific polypeptide 
10 having desaturase activity include the pH optin.um of the polypeptide, whether the 
polypeptide is a rate limiting enzyme or a component thereof, whether ihe 
desatura.se used is usscniial for synthesis of a desired poly-unsaturated fatty add. 
and/or co-factors required by the polypeptide. The expressed polypeptide 
preferably has parameters compatible with the biochemical environment of Its 
1 5 location in the host cell. For example, the polypeptide may have to compete for 

substrate with other cn/.ymcs in the ho-st cell. Analyses of the K„ and itpeclfic 
activity of the polypeptide in question therefore are considered in determining the 
suitability of a given polypeptide for modifying PUFA production in a given host 
cell. The polypeptide used in a particular situation therefore is one which can 
20 function under the conditions present m the intended host cell but otherwise can be 

any polypeptide having desaturase activity which has the desired characteristic of 
being capable of modifying the relative production of a dcsiied PUFA. A scheme 
for the synthesis of arachidonic acid (20:4 A5. 8, 1 1 . 1 4) fi-om palmitic acid (C,») is 
shown in Figure I. A key enzyme in this pathway is a AS^esaturase which 
25 converts DH-y-linolenic acid (DGLA. eicosatrienoic acid) to ARA. Conversion of 

o-linolenic acid (ALA) to stearidonic acid by a A6-desaturase is also shown. 
Production of PUFAs in addition to ARA. including EPA and DHA is shown in 
Figure 2. A key enzyme in the synthesis of arachidonic acid (20:4 A5. 8, 1 1. 14) 
from stearic acid (C.,) is a A6-desaturase which converts the linolcic acid into y- 
30 Hnolenic acid. Conversion of a-linolenic acid (ALA) to stearidonic acid by a A6. 

desaturase also is shown. For production of ARA. the DNA sequence used encodes 
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a polypeptide having A5 desacura^c activity, in parlicular instances, ihis can be 
coupled with an expression cassene which provides for production of a polypeptide 
having A6 dcsanirase activity and, optionally, a transcription cassette providing for 
production of andsense sequences to a A 15 transcription product. The choice of 
5 combination of cassettes used depends in pan on the PUFA profile of the host cell. 

Where the host cell AS-desaturase activity is limiting, overexpression of AS 
desaiurase alone generally wilt be sufficient to provide for enhanced ARA 
production. 

SOURCES OF POLYPEPTIDES 
10 HAVING DESATURASE ACTlVrrV 

As sources of polypeptides having desaiurase activity and oligonucleotides 
encoding such polypeptides are organi&ms which produce a desired poly- 

i 

unsaturated fany acid. As an example, microorganisms having an ability to 
produce ARA can be used as a source of A5-desaturase genes; microorganisms 

1 5 which GLA or SDA can be used as a source of A6*desaiura&e and/or A 1 2* 

desaturase genes. Such microorganisms include* for example, those belonging to 
the genera Mortiereila, Conidioboius, Pythium, Phytophaihora, FemciHiunit 
Parphyridium, Coidosporium, Mucor, Fusarium, Aspergillus, Rhodotorula, and 
Entomophihora. Within the genus Porphyridium, of particular interest is 

20 Porphyridium crutntum. Within the genus Mortierella, of particular interest are 

Mortierella elongaia, Mortierella txigua, Monieretla hygrophita, Mortitrtlla 
ritmanniana, var. angulispora, and Moriiemlla alptna. Within the genus Mucdr, of 
particular interest are Mucor circinelloidts and Mucor javanicus, 

DNAs encoding desired desatura<;es can be identified in a variety of ways. 

23 As an example, a source of the desired desaturase, for example genomic or cDNA 

libraries from Mortierelia, is screened with detectable enzymatically- or 
chemically-synthesized probes, which can be made from DNA, RNA.'or non- 
natural ly occurring nucleotides, or mixtures thereof. Probes may be enzymatically 
synthesized From DNAs of known desauirases for normal or reduced-stringency 

30 hybridization methods. Oligonucleotide probes also can be used to screen sourx:es 

and can be based on sequences of known desaturases, including sequences 

-10- 
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conserved among known desACurases. or on peptide sequences obuined from the 
desired purified protein. Oltj^onuclcotide probes basted on anDino acid sequences 
can be degenerate to encompass the degeneracy of the genetic code* or can he 
biai^ed in favor of the preferred codons of the source organism. Oligonucleotides 
5 also can be uM:d as primers for PCR from reverse transcribed mRNA from a known 

or suspected source; the PCR product can be ihc full length cDNA or can be ui«d to 
generate a probe to obtain the desired full length cDNA. Alternatively, a desired 
protein can be entirely sequenced and total synthesis of a DNA encoding that 
polypeptide performed. 

10 Once the dcMrcd genomic or cDNA has been isolated* it can be sequenced 

by known methods. It is recognized in the art chat such methods are subject lo 
errors, such that multiple sequencing of the same region i.^ routine and is still 
expected to lead to measurable rates of mistakes in the resulting deduced sequence, 
particularly in regions having repeated domains, extensive secondary structure, or 

1 5 unusual base compositions, such as regions with high GC base content. When 

discrepancies^ arise, resequencing can be done and can employ special methods. 
Special methods can include altering sequencing conditions by using: different 
temperatures; different enzymes: proteins which alter the ability of oligonucleotides 
CO form higher order structures; altered nucleotides such as ITP or methylated 

20 dCTP; different gel composiuons, for example adding formamide; different primers 

or primers located at different dj5tances from the problem region; or different 
templates such as single stranded DNAs. Sequencing of mRNA can also be 

employed. 

For the most pan. some or all of the coding sequence for the polypeptide 
25 having desaturase activity is from a natural source. In some situations, however, it 

is desirable to modify all or a portion of the codons, for example, to enhance 
expression, by employing host preferred codons. Host prefened codons can be 
determined Irom the codons of highest frequency in the proteins expressed in the 
largest amount in a panicuUr host species of interest. Thus, the coding sequerKe 
30 for a polypeptide having desaturase activity can be synthesii^ed in whole or in pan. 

All or portions of the DNA also can be synthesized to remove any destabilizing 
sequences or regions of secondary structure which would be present in the 

-11- 
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transcribed mRNA. All or portions of the DNA also can be synlhcsiicd to alter the 
base composition to one more preferable in the desired host cell. Methods for 
symhesuing scquenctsii and bringing sequences together are well established in the 
literature. In vitro mutagenesis and selection, site-directed mutagenesis, or other 

5 means can be employed to obtain mutations of naturally occurring desaturase genes 

to produce ai polypeptide having desaiurase activity in viv/) with more desirable 
physical and kinetic parameters for funciif>n in ihc hosi cell, such as a longer half- 
life or a higher rate of production of a desired polyunsaturated fany acid. 

Desirable cDNAs have less than 60% A+T composition, preferably less 

10 than 50% A-^T composition. On a localized scale of a sliding window of 20 base 

pairs, it is preferable that there are no localized regions of the cDN A with greater 
than 75% A-^T composition; with a window of 60 base pairs, it is preferable that 
there arc no localized regions of the cDNA with greater than 60%, more preferably 
no localized regions with greater than 55% A+T composition. 

15 Mortierella alvina Dasattiroscs 

Of particular interest are the Monierella alpina A5-desaturase, A6- 
desaiurasc, Al2-desaiurasc and A15 desacurase. The gene encoding the Mortierella 
alpina A5-dcsaiorase can be expressed in transgenic plants to effect greater 
synthesis of ARA from DGLA. Other DNAs which arc substantially identical in 

20 sequence to the Monierella alpina AS-dcsaturasc DNA, or which encode 

polypeptides which arc substantially identical in sequence to the Moruerella alpina 
A5-dcsaiurasc polypeptide, also can be used. The gene encoding the Monierella 
alpina A6-<iesaturase can be expressed in transgenic plants or animals to effect 
pcater synthesis of GLA from linolcic acid or of sicaridonic acid (SDA) from 

25 ALA. Other DNAs which are substantially identical in sequence to the Monierelia 

alpina A6-dcsaiurasc DNA. or which encode polypeptides which arc substantially 
identical in sequence lu the Monierella alpina A6-dcsaiurasc polypeptide, also can 
be used. 

The gene encoding the Monierella alpina Al2-desaiurase can be expressed 
30 in transgenic plants to effect greater synthesis of LA from oleic acid. Other DNAs 
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which arc subsianiUlly identical lo ihc Mcnierella tfi/?i>ifl A12-dcsauirasc DNA. or 
which encode polypeptides which arc suhsumially idcniical lo ihc Mortierello 
alpina Al2-dc5arurasc polypeptide, also can be used. 

By substantially identical in sequence is intended an amino acid sequence 

5 or nucleic acid sequence exhibiting in order of increasing preference ac least 60%. 

80%, 90% or 95% homology to the Mortiertllu alpina A5-dcsaiunise amino acid 
sequence or nucleic acid sequence encoding the amino acid sequence. For 
polypeptides, the length of comparison sequences generally is at least 16 amino 
acids, preferably ai least 20 amino acids, or most preferably 35 amino acids. For 

1 0 nucleic acids, the length of comparison sequences generally is at least 50 

nucleotides, preferably at least 60 nucleotides, and more preferably at least 75 
nucleotides, and most preferably. 1 10 nucleotides. Homology typically is measured 
using sequence analysis software, for example, the Scc|uence Analysis software 
package of the Genetics Computer Group. University of Wisconsin Biotechnology 

1 5 Center* 1710 University Avenue, Madison, Wisconsin 53705, MEGAlign 

(DNAStar, Inc., 1228 S. Park St.. Madison. Wisconsin 53715). and Mac Vector 
(Oxford Molecular Croup, 2105 S. 6a£u:om Avenue, Suite 200. Campbell. 
California 95008). Such software matches similar sequences by assigning degrees 
of homology to various substitutions, deletions, and other modifications. 

20 Conservative substitutions typically include substitutions within the following 

groups: glycine and alanine; valine, isolcucinc and leucine; aspanic acid, glutamic 
acid, asparagine. and glutamine; serine and threonine; ly.sinc and arginine; and 
phcnylalanirie and tyrosine. Substitutions may also be made on the ba^is of 
conserved hydrophobicity or hydrophiliciiy (ICyie and Doolittle, J. MoL BitA. 157: 

25 105-132, 1982), or on the basis of the ability to assume similar polypeptide 

secondary structure (Chou and Fasman. Ad^f. EnzymoL 47: 45-148. 1978). 

EXPRESSION OF DESATURASE GENES 
Once the DNA encoding a desaturasc polypeptide has been obtained, it is 
placed in a vector capable of replication in a host cell, or is propagated in vitro by 
30 means of techniques such as PCR or long PCR. Replicating vectors can include 

plasmids, phage, viruses, cosmids and the like. Desirable vectors include those 
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useful for muta^eucsis of ihc gene of inicrcsit or for e^^pre^MOn of the gene of 
interest in hose cells. The technique of long PCR has made in vitro propagaiion of 
large constructs possible, so that modifications to the gene of interejst, such as 
mutagenesis or addition ofexpresiiion signals, and propagation of the resulting 
5 constructs can occur entirely in vitro without the use of a replicating vector or a 

host cell. 

For expression of a de.saturase polypeptide, functional transcriptional and 
cranslational initiation and termination regionx arc operably linked to the DNA 
encoding the desarurase polypeptide. Transcriptional and tranalattonal initiation 
10 and termination regions are derived from a variety of nonexclusive sources. 

including the DNA to be expressed, genes known or suspected to be capable of 
expression in the desired system, expression vectors, chemical synthesis, or from an 
endogenous locus in a ,\ost cell. Expression in a plant tissue and/or plant part 
presents certain efficiencies, particularly where the tissue or pan i^ one which is 

15 easily harvested, such us seed, leaves, fruits, flowers, roots, etc. Expression can be 

targeted to that location within the plant by using specific regulatory sequencesi, 
such as those of USPN 5,463. 174, USPN 4,943.674. USPN 5, 106.739, USPN 
5.175.095. USPN 5,420.034. USPM5.I88.958. and USPN 5,589.379. 
Alternatively, the expressed protein can be an enzyme which produces a product 

20 which may be incorporated, cither directly or upon further modifications, into a 

fluid fraction from the host plant. In the present case, expression of desaturase 
genes, or antisenst desaturase transcripts, can alter the levels of specific PUFAs, or 
derivatives thereof, found in plant parts and/or plant tissues. The A5-desamrasc 
polypeptide coding negion is expressed cither by itself or with other genes, in order 

25 to produce tissues antl/or plant pans containing higher proportions of desired 

PUFAs or in which the PUFA composition more closely resembles that of human 
breast milk (Prieto et ai. PCT publication WO 95/24494). The termination region 
can be derived from the 3' region of the gene from which the initiation region was 
obtained or from a different gene. A large number of lermintttton regions are 

30 known to and have been found to be satisfactory in a variety of hosts from the same 

and different genera and species. The termination region usually is selected more 
as a maner of convenience rather than because of any particular property. 
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The choice of a ho^^i cell is influenced in pan the desired PUFA profile 
of the transgenic celK and the native profile of the ho^t cell. As an example, for 
production of linoleic acid from oleic acid, the DNA sequence used encodes a 
pc>lypeptide having Ail desaturase activity, and for production of GLA from 
S linoleic acid, the DNA sequence used encodes a polypeptide having A6 desaiurase 

aciiviry. Use of a ho$\ cell which expresses A 1 2 desaturase activity and lacks or is 
depicted in A15 desaturase activity, can be used with an expression cassette which 
provides for ovcrexpression of A6 desaturase alone generally is sufficient to 
provide for enhanced GLA production in the transgenic cell. Where the host cell 

10 expresses A9 desaturase activity, eitpres*sion of both a At 2- and a A6-desaturase can 

provide for enhanced GLA production. In particular instances where expression of 
A6 desaturase activity is coupled with expression of A 12 desaturase activity, it is 
desirable that the hosit cell naturally have« or be mutated to have, low At5 
desaturase activity. Alternatively, a host cell for A6 desaturase expression may 

15 have, or be mutated to have, high AI2 desaturase activity. 

Expression in a host cell can be accomplished in a transient or stable 
fashion. Transient expression can occur from introduced constructs which contain 
expression signals functional in the host cell, but which constructs do not replicate 
and rarely integrate in the host cell, or where the. host cell is not proliferating. 

20 Transient expression also can be accomplished by inducing the activity of a 

regulatable promoter operably linked to the gene of interest, although such 
inducible systems frequently exhibit a low basal level of expression. Stable 
expression can be achieved by introduction of a construci that can Integrate into the 
host genome or that autonomously replicates in the host cell. Stable expression of 

25 the gene of interest can be selected for through the use of a selecuble marker 

located on or trunsfected with the expression construct, followed by selection for 
cells expressing the marker. When stable expression results from integration, 
integration of constructs can occur randomly within the host genome or can be 
targeted through the use of constructs containing regions of homology with the host 

30 genome sufficient to target recombination with the host locus. Where constructs 
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are targeted to an endogenous locus, all or some of the cran^cripltonal and 
translational regulatory regions can be provided by the endogcnou:i locus. 

When increased expression of the desaturase polypeptide in the source plant 
is desired, several methods can be enoployed. Additional genes encoding the 
S desaturase (>olypepttde can be introduced into the host organism. Expression from 

the native desaturase also can be increased through homologous 
recombination, for example by inserting a stronger promoter into the host genome 
to cause increa.<^dexpression» by removing destabilizing sequences from either the 
mRNA or the encoded protein by deleting that informadon from the host genome, 
10 or by adding stabilizing sequences to the mRNA (s£je USPN 4,910, 14 1 and USPN 

5.S00,365.) 

When it is desirable to express more than one different gene, appropriate 

1 

regulatory regions and expression methods, introduced genes can be propagated in 
the host cell dirough use of implicating vectors or by integration into che host 

15 genome. Where two or more genes are expressed A'om separate replicating vectors, 

it is desirable that each vector has a different means of replication. Each introduced 
construct, whether integrated or not, should have a different means of selection and 
should lack homology to the other constructs to maintain stable expression arxl 
prevent reassortment of elements among constructs. Judicious choices of 

20 regulatory regions, selection means and method of propagation of the introduced 

construct can be experimentally determined so that all introduced genes are 
expressed at che necessary levels Co provide for synthesis of che desired products. 

Constructs comprising the gene of interest may be introduced into a host 
cell by standard techniques. These techniques include transfection, infection, 

25 holistic impact, electroporaiion, microinjection, scraping, or any other method 

which introduces the gene of interest into the host cell (see USPN 4,743.548, USPN 
4.795,855, USPN 5,068. 193. USPN 5.188,958. USPN 5.463,174, USPN 5,565.346 
and USPN 5,565,347). For convenience, a host cell which has been manipulated 
by any method to take up a DN A sequence or construct will be referred to as 

30 "transformed" or "recombinant** herein. The subject host will have at least have 

one copy of the expressicm construct and may have two or more, depending upon 
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whether the gene is integraied iniu ihc genome, amplified, or is pre^icnt on an 
cxirachromosomal clcmeni having muUiple copy numbers. 

The iransfomicd host cell can be identified by bCleciion for a marker 
contained on the introduced cgnsiruci. Altemaiivcly. a separate marker conslruiJt 

5 may be introduced with the desired consiruci, as many Uansformaiicn techniques 

introduce many DNA molecules into host cells. Typically, transformed hosts are 
selected for their ability co grow on selective media. Selective media may 
incorporate an antibiotic or lack a factor nece!W:ary for growth of the unirunsformed 
host, such as a nutrient or growth factor. An introduced marker gciK therefor may 

10 confer antibiotic resistance* or encode an essential growth factor or enzyme, and 

permit growth on selective media when expressed in the transformed host cell. 
Desirably, resistance to kanamycin and the amino glycoside G4 18 arc of interest 
USPN 5,034.322). Selection of a transformed host can also occur when the 
expressed marker protein ciin be detected, cither directly or indirectly. The marker 

15 protein may be expressed alone or as a fusion to another protein. The marker 

protein can be detected by its enzymatic activity; for example p galactosidase can 
convert ihe substrate X-gal to a colored product, and luciferase can convcn 
luciferin to a light-emitting product. The marker protein can be detected by its 
light-producing or n^odifying characieri.siics; for example, the green fluorescent 

20 protein of Aequorea victoria fluoresces when illuminated with blue light 

Antibodies can be used to detect the marker protein or a molecular tag on, for 
example, a protein of inienest. Cells expressing the marker protein or tag can be 
selected, for example, visually, or by techniques such as FACS or panning using 
antibodies. 

25 The PUFAs produced using the subject methods and compositions may be 

found in the host plant tissue and/or plant part as free fatty acids or in conjugated 
forms .such as acylglyccrols, phospholipids, sulfolipids or glycolipids, and may be 
extracted from the host cell through a variety of means well-known in the art. Such 
means may include extraction with organic solvents, sonication, supercritical fluid 

30 extraction using for example carbon dioxide, and physical means such as presses, 

or combinations thereof. Of particular interest is extraction with hexane or 
methanol and chloroform. Where desirable, die aqueous layer can be acidified to 
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proion^ce negatively charged moieties and thereby increase partitioning of desired 
product* into the organic layer. After exn^ccion. the organic solvents can be 
removed by evaporation under a stream of niuogen. When isolated in conjugated 
forma, the products are cnzymaiically or chemically cleaved to release the free faity 
5 acid or a less complex conjugate of intcrcjii. and an: then subjected to ftiithcr 

manipulations to produce a desired end product. Desirably, conjugated forms of 
falty acids ans cleaved with potassium hydroxide. 

PURIFICATION OF FATTY ACroS 
If further purification is necessary, standard methods can be employed. 

10 Such methods include extraction, treatment with urea, fractional crysulltzatioo. 

HPLC. fractional distillation, silica gel chromatography, high speed centrifugation 
or disdtlation. or combinations of these techniques. ProtecUon of reactive groups, 
such as the acid or alkcnyl groups, may be done at any step through known 
techniques, for example alkylation or Jodinauon. Methods u^ed include 

1 5 mcihylation of the fatty acids to produce methyl e»iers. Similarly, protecting 

grx^ups may be removed at any step. Desirably, purification of fractions conuining 
ARA. DHA and EPA is accomplished by treatment with urea and/or fractional 
dtscillation. 

* 

USES OF FATTY ACIDS 

20 The uses of the fatty acids of subject invention arc several. Probes based on 

the DNAs of the present invention may find use in methods for isolating related 
molecules or in methods to detect organisms expressing desaturases. When used as 
probes, the DNAs or oligonucleotides need to be detectable. This is usually 
accomplished by attaching a label either at an internal site, for example via 

25 incorporation of a modified residue, or at the 5' or 3' terminus. Such labels can be 

directly detectable, can bind lo a secondary molecule that is dcieciably lal)clcd, or 
ean bird to an unlabeled secondary molecule and a deiectably labeled tertiary 
molecule; this process can be extended as long as is practical to achieve a 
satisfactorily detectable signal without unaccepiable levels of background signal. 

30 Secondary, tertiary, or bridging systems can include use of antibodies directed 

against any other molecule, including labels or other antibodies, or can involve any 
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molecules which bind to ench orhcr, for example a bioiin-sircpiavidin/avidin 
sysicm. E>eiecuib1e labels lypically include radioactive isotopes, molecules which 
chemically or enzymatically produce or alter light, enzymes which produce 
detectable reaction products, magnetic molecules, fluorescent molecules or 

5 molecules whose fluorescence or light-emitting charBCicrisiics change upon 

binding. Examples of labelling methods can be found in USPN 5,01 1 .770. 
Aliemaiively, the binding of target molecules can be directly detected by measuring 
ihc change in heat of solution on binding of probe to target via isothermal titration 
calorimctry, or by coating the probe or target on a surface and detcciing the change 

10 in scattering of light from the surface produced by binding of target or probe, 

respectively, as may be done with the BIAcore system. 

The invention will be betiei understood by reference to the following non- 
limiting examples. 

Examples 

RKPresaion of o>3 dcsaturase from C\ $Utan s in transgenic plants^ 

The D15/<i)-3 activity oi Brussica napus can be increased by the expression 
of an u)-3 dcsaturase from C tU^ans. The fat- 1 cDNA clone (Gcnbunk accession 
20 lA 1 807; Spychalla. j. K. Kinney, A. J., and Browse, J. 1997 P.N.A.S. 94. 1 142- 

1 147 was obtained from John Browse at Washington State University. The fat-1 
cDNA was modified by PCR lo introduce cloning sites using the following primers: 

Fat-lforward: 

5*-CUACUACUACUACTGCAGACAATGGTCGCTCATTCCTCAGA-3* 

25 Fal»l reverse: 

5*. CAUCAUCAUCAUGCGGCCGCITACTTGGCCITTGCCTT - 3' 

These primers allowed the amplification of the entire coding region and 
added Psil and NotI .sites to the 5 - and 3' ends. nsspeciively. The PCR product was 
subcloncd into pAMPl (GIBCOBRL) using the CloneAmp system (GIBCOBRL) 
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to crviice pCGN5562. The sequence wai verified by sequencing of both strands to 
be sure no changes were introduced by PGR. For seed specific expression, the Fat- 
I coding region was cut out of pCGN5562 as a Psil/Noil rnigment and inserted 
between the Pstl/Noil sites of the binary vector. pCGN8623, to create pCGN5563. 
5 PCGN5S63 can be introduced into Brassica napus via A^rohaaehum'intdxMii 

transformation. 

Conslniction of pCGN8623 

The polylinker region of the napin pronnoter casssette. pCGN7770» was 
replaced by ligating the following oligonucleotides: 

1 0 5 - TCGACCTGCAGGA AGCTTGCGGCCGCGGATCC -3* and 

5'- TCCAGGATCCGCGGCCGCAAGCTTCCTGCAGG-3\ These 
oligonucleotides were Jigated into Salt/Xhol-digested pCGN7770 to produce 
pCGN8619. These oligos encode BamHI, Noil, Hindlll, and Psil restriction sites. 
pCGN86l9 contains the oligos oriented such that the PstI siiic is closest to the napin 

IS 5' regulatory region. A fragment conUiining the napin 5* regulatory region, 

polylinker. and napin 3' region wah removed from pCGN8619 by digestion with 
Asp7I8L The fragment was bluni-cnded by filling in the S' overhangs with Klenow 
fragment (hen ligaied into pCGN5l39 that had been digested with Asp7i8I and 
HindlU and bluni-ended by filling in the 5* overhangs with Klenow fragment. A 

20 plasmid containing ihe insert oriented so that the napin promoter was closest to the 

blunted Asp7l 81 site of pCGN5 139 and the napin 3' was closest to the blunted 
Hindlll site was subjected ro sequence analysis to confinn both the insert 
orientation and the integrity of cloning junctions. The resulting plasmid was 
designated pCGN8623. 

25 To produce high levels of stearidonic acid in Brassica^ the C. elegans 0-3 

desaturase can be combined with D6- and D12-desaturases from MomtreUa 
alpina. PCGN5563-iransfonned plants may be crossed with pCGN5344- 
cransformed plants expressing the D6-and D 1 2-desaturascH. 

The resulting Fl seeds can be analyzed for stearidontc acid content and 

30 selected Fl plants can he used for self-pollination to produce P2 seed, or as donors 

for production of dihaploids. or additional crosses. 
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An alternative method to combine the fat-1 cDNA with M, alpinu D6 and 
Dl2 dcsatu rases is to combine thenrt on one T-DNA for transformation. The fat-1 
coding region lYom pCGN5362 can be cut out a*; a Pstl/NocI frogment and inserted 
into Pdtl/Nocl digested pCGN86 19. The transcriptional unit consisting of the napin 
S 5' regulatory region, the fat-1 coding region, and the napin 3 -regulatory region can 

be cut out as a Sse83871 fragment and inserted into pCGN5S44 cut with Sse8387l. 
The resulting plasmid would contain three napin u-anscriptional unii6 contaiining the 
C elevens c«>-3 desaturase. M. alpina D6 desaturase, and M. aipina D12desatura.se, 
all oriented in the same direction as (he 35S/nptiI/tml transcriptional unit used for 
1 0 selection of transformed tissue. 



;aj 

Ovcr-ExD^e^s^on »f DlS-desaturasc Activity In Transgenic Canola 

The DIS-desaturase activity of Brassica napus can be increased by over- 
expression of the DlS-desaturase cDNA clone. 

15 A B. napus Di5-desaturase cDNA clone was obuincd by PCR 

amplification of first-strand cDNA derived from B. napus cv. 212/86. The primers 
were based on published sequence: Genbank # L0I4 1 8 Arondel et al« 1992 
Science 258:1353-1355. 

The following primers were used: 

20 BndlS-FORWARD 

S'-CUACUACUACUAGAGCrCAGCGATGGTTGTTGCTATOOAC-y 

BndlS-REVERSE 

5'-CAUCAUCAUCAUCAATTCTTAATTGATmAGATTTG-3' 

These primers allowed the amplificaiion of the entire coding region and 
25 added Sacl and EcoRl sites to the 5*- and 3'-ends, respectively 

The PCR produce was subcloned into pAN4Pl (GIBCOBRL) using the 
Clone Amp system (GIBCOBRL) to create pCGN5520. The sequence was verifted 
by sequencing of both strands to be sure that the open reading frame remained 
inuct. 
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For seed specific expres*sion. the DIS-desacurase coding region was cut out of 
pCCNSS20 as a BamHI/Sall fragment and insened between the Bglll and Xhot 
siiesof lhepCCN7770, to create pCGN5557. The PstI fragment of pCGNS557 
containing the napin S*-reguUiory region. B. napus D15-desatura2ie, and napio 3 • 
5 regulatory region was insened into ihc Psil site of the binary vector, pCGN5138 to 

produce pCCN5558. pCGN5558 was introduced into Brassica napus via 
Agrohacteriian-mtdihUUi tranKformation. 

To produce high IcvcLs of ^siearidonic acid in Brassica^ the D15-desaturase 
can be combined with D6- and D12-desaiurases from MortUrella alpina. 
10 PCGN5558-cninsformed plants may be crossed with pCGNSS44*transfonned plants 

expressing the D6 and D]2*desaturases. The resulting Fl seeds can be analyied for 
stearidunic acid content and selected Fi planes can be used for self-pollination to 
produce F2 seed, or ai donors for production of dihaploids» or additional crossi^s. 

An alternative method to combine the B, napuj DiS-desaiurase with Af. 

IS aipina D6 and D12 desaturases is to combine them on one T-DNA for 

transformation. The transcription cassette consisting of the napin S'-regulatory 
region, the D 1 5-desaturasc coding region* and the napin 3 -regulatory region can be 
cut out of pCGN5SS7 as a Swal trngmcnt and insened into Swal-digested 
pCGN5S44. The resulting plasmid would conuin three napin transcriptional units 

20 containing the M. aipina D6 desatura.sc. the B. napus Dl5-dcsaturase, and the Af. 

ulpina D12 dcsaturase. all oriented in the same direction as the SSS/nptll/tml 
transcriptional unit used for selection of transformed tissue. 

Example 3 

Expreiwion of AS Desaturatfe in Planta 
2S Expression in Leaver 

Ma29 is a putative M. aipina DS dcsaturase as determined by sequence 
homology. This experiment was designed to determine whether leaves expressing 
Ma29 (as determined by Northern) were able to conven exogenously applied 
DCLA (20:3) to ARA (20:4). 



wo 99/6461 6 PCTAJS99/1 3332 



The Ma29 desaturasc cDNA was modified by PGR to introduce convenient 
restriction sites for cloning. The desaturase coding region his been inserted into a 
d3S cassette under the control of the double 35S promoter for expression in 
Brassica leaves (pCGN5525) following sundard protocols (i^^ USPN 5,424,200 
5 and USPN 5,106.739). Transgenic Brassica plants containing pCGN5525 Mrere 

generated following standard protocols Cvee USPN 5.188,958 and USPN 
5.463.174). 

In ihc first experiment, three plants were used: a control, LP004-I, and 
two transgenics., 5525-23 and 5525-29. LP004 is a low-linolenic Brasnicu variecy. 

10 Leaves of each were selected for one of three treannenis: water* CLA or DOLA. 

CLA and DGLA were purchased as sodium .salts from NuChek Prep and dissolved 
in water at I mg/ml. Aliquots were capped under N2 and stored at ^70 degrees C. 
Leaves were created by applying a 50 pi drop to the upper surface and gently 
spreading with a gloved frnger 10 cover the entire surface. Applications were made 

15 approximately 30 minutes before the end of the light cycle 10 minimize any photo- 

oxidntion of the applied fatty acids. After 6 days of treamieni one leaf from eaeh 
treatment was harvested and cut in half through the mid rib. One half was washed 
with water to attempt to remove unincorporated fatty acid. Leaf samples were 
lyophilized overnight, and fany acid composition determined by gas 

20 chromatography (GC). The results are shown in Table 1 . 
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Leaves treutcd whh GLA containcU from 1 .56 to 2.4 wt% CLA. The fatty acid 
analysis showed that the lipid composition of control and transgenic leave.*; was 
essentially the same. Leaves of control plants created with DGLA contained 1.2- 
S 1 .9 w% DGLA and background amuums of ARA (.26-.27 wt%). Transgenic leaves 

contained only .2«.7 wt% EXjLA, but levels of ARA were increased (.74-1.1 wc%) 
indicating that the DGLA was convened to ARA in these leaves. 

Exprcayjon in Seed 

The purpose of this experiment was to determine whether a consmict with 
10 the seed specific napin promoter would enable expression in seed. 

The Ma29 cDNA was modified by PCR to introduce Xhol cloning sites 
upstream and downstream of the start and stop codons, respectively, using the 
following primers: ^ 

Madxho-forward: 

1 5 5-CU ACU ACU ACU ACTCG AGC AAG A TGGG AACGG ACCAAGG 

Madxho-reversc: 

S'-C AUG AlfC A UC aUCTCG AGCTACTCTTCCTTGGG ACGG AO 

The PCR product was subcloned into pAMPl (GIBCOBRL) using Che 
CloncAmp system (GIBCOBRL) co create pCGN5S22 and the AS desaturase 
20 sequence was verified by sequencing of both strands. 

For secd-spccific expression, the Ma29 coding region was cut out of 
pCGN5S22 as an Xho\ fragment and inserted into the Sail site of the napin 
expression cassette, pCGN3223. lo create pCGN5528. The Hindlll fragment of 
pCGNSS28 containing the napin 5' regulatory region, the Ma29 coding region* and 
2S Che napin 3* regulatory region was inserted into the Hindlll site of pCGN I SS7 to 

create pCGN553 1. Two copies of the napin transcriptional unit were inserted in 
undem. This tandem construct can permit higher expression of the desaturases per 
genetic loci. pCCN553l was introduced into Brassica napus cv.LP004 via 
Agrobacterium mediated transformation. 

30 The fatty acid composition of twenty-seed pools of mature T2 seeds was 

analyzed by GC- Table 2 shows the results obtained with independent u-ansformcd 
lines as compared to non-transformed LP004 .seed. The transgenic sced.s containing 

-26. 



wo 99/6461 6 PCT/US99/1 3332 



pCGNSS3 1 contain cwo faay acids that are not present in the control seeds, 
tentatively identified as taxoleic acid (5,9-18:2) and pinolenic acid (5*9,12-18:3), 
based on their eluiion relative to oleic and linoleic acid. These would be the 
expected products of ^ desaiuration of oleic and linoleic acids. No other 
5 differences in fatty acid compostiion were observed in the transgenic seeds. 



Example 4 

Produetfon of DS-desa to rated Faltv Acids in Transgenic Plant; 

The constAjcilon of pCGNS531 (D5*de:iaturase) and fatty acid composition 
10 of T2 seed pools is described in Example 3. This example takes the seeds through 

one more generation and discusses ways to maximize the 05-desaturated fatty 
acids. 

ExampJe 3 describe.s the fatty acid compo.^ition of T2 seed pools of 
pCGN553 1 -transformed B. napus cv. LP004 plants. To investigate the segregation 

15 of D5-desatiirated fatty acids in the T2 seeds and to identify individual plants to be 

taken on to subsequent generatioiu, half-seed analysis was done. Seeds were 
germinated overnight in the dark at 30 degrees on water-^^oaked filter paper. The 
outer cotyledon was excised for GC analysis and the rest of the seedling was 
planted in soil. Results of some of these analyses are shown in the accompanying 

20 Table 3. DS,9-l 8:2 accumulated to as high a& \ 2% of the total fany acids and 

D5,9,12*18:3 accumulated to up to 0.77% of the fatty acids. These and other 
individually selected T2 plants were grown in the greenhouse to produce T3 seed. 
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To maximize ihe accumulation of D5,9 1 8:2 in seed oil. the pCXSNSS3l 
construct could be introduced into a high oleic acid variety of canoia. A high-oieic 
variety could be obtained by mutation, 50-suppression, or antisense suppression of 
5 the D 12 and D 1 S dci>aiura.';eii or other necessary co-factors. 

To maximize accumulation of DS.9J2 18:3 in canoia, the pCGN5S3l 
construct could be introduced into a high linoleic strain of canoia. This could be 
achieved by crossing pCGN553 1 -transformed plants with pCGN5542-(M. alpina 
D 1 2-d6saturase) transformed plants. Altemaiively» the D5 and DI2 desaturases 

10 could be combined on one T-DNA for transformation. The transcriptional unit 

cotisistinif of the napin 5'-regulatory region, the M. alpina D12-desanirase coding 
region, and the napin :V*regulatory region can be cut out of pCGNSS41 (described 
in CGAB320) as a NotI fragment. Notl/Xbal linkers could be iigated and the 
resulting fragment ins<ined into the Xbal site of pCGN553 1 . The resulting plasmid 

IS would conuin three napin transcriptional units conuining the M. alpina D12 

desaturase, and two copies of the napin/ilf. alphina D5 desacurase/napin unit, all 
oriented in the same direction as the 35S/npt]l/tml transcriptional unit used for 
selection of transformed tissue. 

Example 5 

20 Expression of M. alpina A6 Ocsaturase in Braxsiea napus 

A nucleic acid sequence from a partial cDNA clone, Ma524, encoding a ^6 
fatty acid desaturase from Mortierella alpina was obtained by raiKlom sequencing 
of clones from the A/, alpina cDNA library. The Ma524 cDNA waa modified by 
PCR to incroduce cloning sites using the following primers: 

25 

MaS24PCR-i 

5-CUACUACUACUATCTAGACTCGAGACCATGGCTGCTGCT 
CCAGTGTG 
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Ma524PCR-2 

5--CAUCAUCAUCAUAGGCCTCOAGTTACTCCGCCTTACCCAT 

These primers ailowcd the amplification of the entire coding region and 
added Xhiil And Xh/>] siicA lo the 5'-cnd and Xhol and SmI sites lo ihc 3' end. The 
5 PGR product was subcloned into pAMPl (GIBCOBRL) using the Clone Anrip 

sysiem (GIBCOBRL) to create pCGN5S35 and the A6 desaturnsc sequence was 
verifled by .sequencing of boch strands. 

For seed-specific expression, the Ma524 coding region was cui out of 
pCGNSS35 as an Xhol fragment and inserted into the 5^/1 site of the napin 
10 expicssion cassette. pCGN3223, lo create pCGN5536. The Not\ fragmeni of 

pCGN5S36 containing the napin 5* regulatory region, the Ma524 coding region, 
and the napin 3* regulatory region was insened inio the Notl site of pCON1557 to 
create pCGN5538. pCGN5.i3B was introduced into BrasxUa napus cv.LP004 via 
Agrobacurium mediated transformation. 

15 Maturing T2 seeds were collected from 6 independent transformation 

events in the greenhouse. The fally acid composition of single seeds was analyzed 
by GC. Table 4 shows the results of control LP004 seeds and six 5538 lines. All of 
the 5538 lines except #8 produced seeds containing GLA. Presence of OLA 
segregated in these seeds as is expected for the T2 seifed seed population. In 

20 addition to GLA, the A/, alpina ^6 dosaturase ist^apable of producing 18:4 

(siearidonic) and another fatty acid believed to be the 6.9-18:2. 

The above results show that desaturases with three different Aubstraie 
specificities can be expressed in a heterologous system and used to produce poly- 
unsaturated long chain fany acids. Exemplified were the production of ARA (20:4) 
25 from the precursor 20:3 (DGLA). the production of GLA ( 1 8:3) from 1 8:2 

substrate, and the conversion of 18: 1 substrate to 18:2, which is the precursor for 
GLA. 
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Example 6 

Production of D6.9 18;2 m Conola OO 

Example S described construction of pCGNSS38 designed to express the Af. 
aipina D6 desaturase in s^e,d% of transgenic canola. Table 4 in that example 
S showed examples of single seed analyses from 6 independent transgenic events. 

Significant amounts of CLA were produced, in addition to the D6,9 18:2 fatty acid. 

A total of 29 independent pCGNS538-iransformed transgenic plants of the 
low-linolcnic LPOM cultivar were nsgenerated and grown in the greenhouse. Table 
5 shows the fatty acid composition of 20-seed pools of T2 seed from each event. 

10 Seven of the lines contained more than 2% of the D6,9 18:2 in the seed pools. To 

identify and selea plants with high amounts of D6,9 1 8:2 to be uken on to 
subsequent generations, half-seed analysts was done. Seeds were germinated . 
overnight in the dark at hO degrees on water-soaked nicer paper. The outer 
cotyledon was excised for GC analysis and the rest of the seedling was planted in 

15 soil. Based on results of fatty acid analysis, selected T2 plants were grown in the 

greenhouse to produce T3 seed. The selection cycle was repeated; pools of T3 seed 
were analyzed forD6.9 I8:2,T3 half*seeds were dissected and analyzed, and 
selected T3 plants were grown in the gnsenhouse to produce T4 seed. Pools of T4 
seed were analyzed for fatty acid composition. Table 5 summarizes the results of 

20 this process for lines derived from one of the original uansgenic events, S538- 

LP004'2S. Levels of D6,9 1 S:2 have thus been maintained through 3 generations. 

To maximize the amount of D6.9 18:2 that could be produced, the 
pCCNS538 construct could be introduced into a high oleic acid variety of canola 
either by transformation or crossing. A high-oletc variety could be obtained by 
25 mutation, co-suppression, or intiscnse suppression of the D12 and DI5 desaturases 

or other necessary co-factors. 



36- 



wo 99/64616 



PCT/US99/13332 



i 

8 
i 



3 







n 


v 


s 


1 


1 


o 




3 
o' 


3 
b 






e 

b 




c 


c 


o 


o 


a 


o 






p 




p 


s 






o 


If 


o 


1 






<o 
o 


v> 

si 


m 

b 


«W 


b 




3 


• 

o 


o 


«^ 
e 


o 


b 


r>* 

e 


o 


o 


b 


"f. 












<^ 




=^ 

o 


o. 
o 


o 

<> 


d 


O 
O 


o 
b 


b 


p 




o 


o 


e 

b 


p 


o 

b 


a 


p 
e 


p 


b 


p 
P 


P 
p 


o 














so 








— 




5 














• 




r* ■ 


















1 




so 








• 


* 


• 




i 








O 








* 


• 


S 




§ 


















«o 
O 




b 




t 




Ok 




n 


5 


o 


fx 

o 




b 








3 


r* 




b 




Ml 

c 


•1 
m 






2 


2 


* 




« 


ft 




go 


2 
















* 










5 




s 
§ 






g 






•a* 


• 


• 


•» 




•»» 

Ml 

Tl 


\j 




9 




•n 




3 




s 


s 






ft 

3 


S 








1^ 






s 

o 




ri 


ri 




r- 


o« 
«6 


«»> 

ri 


*<* 






« 


















§ 






2 






9 






o 


* 




s 










i 








f 




3 


b 


b 








Q 






































































a 


T 
^« 










ri 

' \ 






»-»' 








• 




>o 
to 
















o 






o 


O 


o 


e 


Q 


o 


O 


O 


o 






o 






s 


a 


P 


o 


o 








«> 






«^ 




s 

o' 








:^ 
















b 




O 




CM 

s 


b 


b 








% 




» 

m 


• 


2 


OB 

• 






3 


A 
^1 

«^ 


M* 


s 




Ok 


g 


• 








2 

ri 


B 






rv 








# 




v> 
o 






S 


55 




g 


1 


1 


1 






s. 


i 


a 

b 




1 


o 


s 

b 






o 








IP 






1 




3 


p 


b 


b 




O 


3 
b 




£1 




e 
o 








o 


P 
o 


P 




P 






i 


■ 




)^ 






n 








00 


n 






r- 

r-i 












«o 




o 





























































37 



wo 99/64616 



PCTAJS99/13332 



4C 

1 











O 


o 


e 


o 


e 


e 










o 


O 


T 
O 




O 


o 










e 


s 


a 


O 


a 


o 
d 




g 








« 




♦ 


* 


• 
















8 


s 








• 


Oi 

o 






• 










o 




o 


d 






i 


« 






5 














s 




s 








3 
















1 










_ • 










3 


— 




- 


- 


• 








c 






























3 
















o 


O 


O 


s 








d 










5 




r* 
d 


n 

d 


d 


d 


s 








S 


a 


r- 




o 


• 




>a 








o 


o 


o 


O 


o 


o 




2 

o 

d 








o 




o 






o 


o 
ei 


s 












o 










11 

























38 



wo 99/64616 



PCT/US99/13332 



Example 7 

Idgntiflcatlon of potentially iiseftil DlS/Ci)>3 desaturases from other organisms 

To look for desaiuriises involved in PUFA production, cDNA libraries were 
5 construcicd from total RNA isolaicd from Schizochytrlum (unknown species - 

proprietary suain supplied by Ktlco in San Diego). Plasmid-based cDNA libmries 
were consirucied in pSPORTl (GIBCO-BRL) following manufacmmr's 
instructions using a commercially available kit (GIBCO-BRL). Random cDNA 
clones were sequenced and nucleic acid sequences thai encode putative desanirase$ 
10 wens identified through BLAST search of the daubases and comparison lo known 

D12 and DIS sequences. 

One clone was identified from the Schizochyiriam library with homology to 
both D12 and D15 desaturases; ir is called 81-S3-A2. The DNA Sequence is 
15 presented as Seq ID NO:l. The conresponding peptide sequence is presented as 

SEQ ID NO: 2 
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10 



SEQUENCE USTINC 



( 1 ) GENERAL I^QRM ATION: 



AfTLlCANT: KNUTZON. DEBORAH et a1 



(ii) TITLE OF INVENTION: POLY-UNSATURATEO FATTY AOaS IN PLANTS 



(iii) NUMBER OP SEQUENCES; 



(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: LIMBACH A UMBACH UUP. 

(B) STREET: 2001 FERRY BUILDING 
CC) Cri'Y; SAN FRANCISCO 

IS (D) STATE: CA 

(E) COUhTTRY: USA ] 

(F) ZIP; 94111 

(V) COMPUTER READABLE FORM: 
20 ( A> MEDIUM ITPE: FlcH>py (ttslc 

(B) COMPUIBR: IBM PC comp«iiible 

(O OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE MicrukOft Wurd 

25 <vt) CURRENT APPLICATION DATA: 

(A) APPUCATION NUMBER: 
<B> FILING DATE: 

(C) CLASSIFICATION: 

30 (VII) PRIOR APPLICATION DATA: 

(A) APPLICATION Nl.'MBER: 
(6) FILING DATE: 

(vii) PRIOR APPUCATION DATA: 

3S (A) APPUCATION NUMBER: US Oft/g33^IO 

(B) FIUNC DATE; 1 1-APR-IW7 

(viii) ATTORNEY/AGENT INFORMAHON; 
(A) NAME: MICHAEL R. WARD 

-40- 
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(B) REOISTRATION NUMBER: 

(C) REFrytRNCE/DOCICET NUMBER: CGMO-IOO 

{{R)TELnCOMMUNICA'nON tNHOKMATION: 
S (A) TELEPHONE: <4I3>433-4I30 

( B) TEUBP AX: (4 1 S) 433.87 16 

(C) 11EL£X:N/A 



10 



(2) INFORMATION FOR SEQ ID NO:); 



IS 



20 



25 



30 



35 



CACOOAAGCA 
CTGCCGCCAC 
AGTCGCACCA 
CCATTATCCA 
TGCCCAA6CA 
TC3TCATCKK 
GCSTCTTGCKS 
CCACTCTGOG 
AACGXCACCC 
TACACGCATG 
CCCAACCTGC 
GA3GCCTTTG 
ATCAATG6CA 



AGCCTTGACA 
CGCCGTCCAG 
CCTGCCGTCC 
TGGCAAGCAC 
CTCCTTCCAC 
JU^CGATCCTG 

ccccxtcogc 
tcctcogtca 
tcggctacct 
corrccAccA 

AAAAGAAAGT 

CTGTCCTCCA 
CCGOOCCATt: 
C7AACCACTT 



AOTQTGOCAO 
TCCATCGAOG 
CCCTACCTCA 
GAAGACGAAG 
TTTATCCACG 
AAGAT6CCCT 
AASGGGGTCT 
ACPGTCACTT 
CTACAAAAOC 
CATACAATAT 



TCCTTTGCCA 
GCACCGGAGC 
GCACCGCAAC 
AACCCAGACC 
CGCTCGCTCC 
TTCTGCATGG 
TGC<;ACAAaCC 
TGAGTGCGGA 
TGTGCACACT 
CGCCCGTGTC 
CAlXiGCTAAC 
CGTCTTTGTT 
CAAGCGCAAC 
CTTGCCCAOC 
CQGT3TCCTC 



TT06TTTCA<^ 
TGCTCCTGGC 
TACTCaCACA 
GGTACCATGC 
ACAACTATGA 
TATGGAGCGC 
AAAOC9TC(.-rC 



ATGGATGCAG 
TCGCTGGAAC 
CCCCATCGQA 
CCGCSAAGCC 
CCCGXCGCCG 
GTCQAAOOCA 
•TAACATTTCC 

ccccrrcccti 



40 



(i) SEQUENCE CH AR ACTERlSTlOi: 

(A) LENGTH: 

(B) TYPE: MiunoACid 

(C) STR ANDEDNESS: iin«le 

(D) T0K)tOOY: linear 



ACATGTGCAA 

AGCAGCAGCA 

CCTCGGCGGG 

IXKCCACCCT 

TCACCACTTC 

CGCGOCACTT 

TACGTAATPG 

CACCAGGCAT 

GCCTTGCTIti 

AACCACATOC 

TTTCAAAAGT 

TATCTCCTCC 

CACGAGGGTA 

TCGGAGCTCT 

6TCGTCATTG 

CACTACTTPC 

CATACTCACC 

CATTCTCACC 

TCCATOCXCO 

ACTCTTCACA 

TTTACAACGC 

TTCAGTTCTT 

TCCTTCTAGG^ 

TAATCAATTT 



GGTCCACACC 
GCAOCAGCAG 
GQAAGTCCTG 
CG6AGACATT 
OCTUTATCTT 
CCTGCCCOTA 
TTCAAOGCAC 
TTTCCAACTA 
TCCCTTACTT 
TCGXCOQCGA 
TAGCCGACCT 
TTCCCTGGCC 
AGCGCTGCTC 
TCCCCiGACAA 



TCCCTTACCT 
AAOATGTCCC 
ATCCATCCCC 
TTOCGCATCA 
TCAAGCCTTT 
CCTCTACAAC 
CAAACACXSTT 
ATAATCACTT 
G^CTCTCTTT 



aagcagcacc 


60 


CAOTCGCAOC 


120 


gaaaaacgac 


180 


CQCGCCOCOG 


340 


SCGCCCGACC 


300 


TACGACATGG 


360 


AOTCTTTGCT 


420 


CAGAOTA6TC 


460 


TAGCTGGGCG 


SCO 


3TCTCACACT 


600 


CATGGGCGAC 


660 


GCTGTATATC 


'>20 


AAACCAGATG 


7 HO 


SATCOGTCTC 


Q40 


TTACTGGOOT 


900 


T6TTQTGAAC 


960 


3CATCTTGGC 


1020 


TTATCXTTGCC 


1080 


TCTTTTCTCC 


1140 


3CTTGAGCCC 


1200 


ACCGCCAGAT 


1260 


SACGCTCAAT 


1320 


TCArtOCTAC 


1340 


TC 


1392 



-41- 
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(H) MOL£c:ULETYrE: ONA (genomic) 



5 

(2) INFORMATION FOR SEQ ID H0:2: 

10 pACU^W3KBCCH0APSWRVWirr\A:YLyHTAU»VinfFaKXYTH<^ 
lJiDLHODEArAVLKVrvYLIXAWPLYIl^«SCASICRlm^OICIlWSI^^ 
VLVVIASljCYMCSlBGSRT\n.LQYFLPYL\ArtJAyi.lCPTWMOHTHODVPMlXJ«DBV\^^ 
VLTHRXCSTMVAHKLFSKMPWYHABKATVHlKXLLttPKGVYilYDPTPrTWtW 

LKLQKQRSSKZ5SP 

15 
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CLAIMS : 

1 . A method of producing a polyunsaturated fatty acid 
in a host cell comprising the steps of: 

(A) transforming a host cell with a nucleotide 
sequence comprising: 1) an expression cassette 
comprising a transcriptional and translational 
initiation regulatory region, said expression 
cassette being joined in reading frame 5' to 
2) a DNA sequence encoding a desaturase 
polypeptide which modulates the production of 
polyunsaturated fatty acids; and 

(B) culturihg said transform"ed host cell under 
time and conditions sufficient for the 
expression of said desaturase polypeptide in 
said host cell, expression of said desaturase 
polypeptide resulting in production of 
polyunsaturated fatty acids by said host cell. 

X 
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